htroduction
When plans for these adiabatic heat-capacity measurements on strontium were made at the behest of the CODATA Task Group on Key Values for Thermodynamic Properties, experimental thermodynamic data on this metallic element were scarce indeed. (Quite possibly it was not so much a matter of being overlooked-as avoided!) Only estimates"? ') of the entropy of this important element were available at 300 K. These estimates were based primarily on a single studyc3) of the heat capacity of strontium between 1.5 and 20 K, but a crude, enthalpy-type measurement did in fact exist at 300 K. (4) Since the initiation of these experiments, a more comprehensive study has been undertaken elsewhere"* 6, which gave an entropy at 298.15 K in reasonable accord with that reported here. However, serious differences in the heat capacities of that study"* 6, and those of the present measurements exist over the common temperature range of measurements. These differences can most consistently be interpreted on the assumption that their sample contained approximately 10 moles per cent of strontium monoxide as a contaminant. We consider that the heat-capacity and derived thermodynamic values from 5 to 350 K reported in this paper are the most reliable.
Experimental SAMPLE PREPARATION AND HANDLING
The high-purity strontium metal sample was kindly provided through the courtesy of Dr David T. Peterson of the Ames Laboratory of the Energy Research and Development Administration located at Iowa State University, Ames, Iowa. It was prepared by fractionally subliming the best commercial-grade strontium available from King Laboratories. The first fraction consisting of roughly 10 per cent of the original starting material was relatively high in magnesium and was rejected. The middle fraction consisting of approximately 65 per cent of the original was purest; it alone was further purified. The residue of about 25 per cent was rich in calcium and barium. After resublimation of the middle fraction, it was sealed in a tantalum container in an inert atmosphere and maintained for 5 d at a temperature of 1200 K under high vacuum to permit hydrogen to diffuse from the sample. Careful analytical study of the sample indicated the following mass percentages ascertained by the method indicated in parentheses. With the exception of the vacuum fusion done at Ames, all of the analyses were made through the courtesy of the Analytical Group of the CMB Division of the Los Alamos Scientific Laboratory, University of California, Los Alamos, New Mexico. H, 0.0024 (vacuum fusion);"' H, 0.0010 (LECO hydrogen analyzer); 0, < 0.010 (neutron activation analysis); N, 0.0012 (chemical analysis); C, 0.0040 (LECO low-carbon analyzer); Ca, 0.0423 (atomic absorption); and Ba, 0.0615 (atomic absorption). Since strontium is readily oxidized, the sample was handled exclusively in a drybox containing a purified anhydrousnitrogen atmosphere.
CALORIMETER AND CRYOSTAT
The 47.349 g strontium sample in the form of pellets with typical dimensions of several mm was loaded into the gold-plated OFHC (oxygen-free high-conductivity) copper calorimeter (laboratory designation W-54) provided with a screw-type closure involving a stainless-steel knife edge and an annealed gold gasket. The loaded calorimeter was removed from the drybox in a stainless-steel "loading chamber", evacuated, and after addition of 2.53 kPa at 300 K of purified helium to facilitate thermal equilibration, the calorimeter was sealed. A measured amount of Apiezon-T grease was placed in the thermocouple and heater-thermometer wells of the calorimeter to provide good thermal contact between the heater, the temperature sensors, and the calorimeter. The added quantities of helium and grease match those used during the measurement of the heat capacity of the empty calorimeter. The fraction of the totai heat capacity (calorimeter + sample) due to the sample decreased from 0.89 at 10 K to 0.49 at 100 K and to 0.42 at 350 K. The low-temperature heat-capacity measurements were then made in the Mark-II adiabatic cryostat described elsewhere. (*) A capsule-type platinum resistance thermometer (laboratory designation A-5) calibrated at the U.S. National Bureau of Standards was used for temperature and temperature-increment determinations. Measurements of other quantities involved in the calorimetric experiment, such as mass, current, potential, and time were also referenced to calibrations or standards of that laboratory.
The accuracy of a single measurement in this endeavor is judged to be about 5 per cent at 10 K decreasing to 0.1 per cent at 25 K to about 0.06 per cent between 25 and 350 K even though precision is significantly better at low temperatures. Insofar as the smoothed functions are concerned, the heat capacity above 100 K is precise to +O.l per cent and the thermodynamic functions to about 0.06 per cent in terms of the standard deviation as the precision index.
Results
The heat capacity of strontium may be represented by a simple sigmate curve from 5 to 350 K. The experimental heat capacities (table 1, based on a molar mass of 87.62 g mol-' for Sr) have been adjusted for curvature to correct for the difference between the experimentally measured AH/AT and the value obtained in the limit as the temperature increment approaches zero. At the lowest temperatures the heat capacity of strontium may be fitted conveniently to an equation of the form: by a least-squares method. Thermodynamic functions, shown in table 2, were derived from these smoothed heat capacities. 
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Discussion
Prior to the initiation of this study, only one report of the low-temperature heat capacity of strontium had appeared, covering only the temperature range 1.5 to 20 K.(') A determination of the heat capacity of strontium at 300 K by an enthalpytype measurement was made in a water calorimeter with the sample sealed in toluene within a glass capsule. (4) The values obtained range from 6.0 to 6.8 Cal,, K-r mol-' with an average value of 6.5 Cal,, K-r mol -I. Estimates of the heat capacity and entropy of strontium have been made by Kelley") and by compilers of the JANAF tablesC2) The latter estimate of heat capacity was made by comparison of Roberts's data for strontium, calcium, and barium (3) with other experimental data for calcium and barium. The JANAF estimate for entropy was 12.6 Cal,, K-' mol-r which was in reasonable accord with Kelley's estimate of 12.5 Cal,, K-' mol-'. The JANAF compilers adopted Kelley's estimate, however, because of the large uncertainty involved in their own extrapolations. As has been mentioned earlier, a more extensive study of the low-temperature heat capacity of strontium has appeared only recently.(5* @ The resulting value of (13.24+0.03) Cal,, K-r mol-r for the entropy at 298.15 K is in reasonable accord with that obtained in the present research (13.3 13 +O.OOS) Cal,, K-r mol-', but serious discrepancies occur between the heat capacities of the two determinations. Their heat capacities, together with those of Roberts and of Glascock, are presented in figure 1 as a deviation plot. In view of the high reactivity of strontium with oxygen and water, the presence of strontium monoxide in a sample of strontium metal must be considered. The analytical results on our sample indicated that the oxygen content was negligible. Therefore, in an attempt to explain the systematic differences between our values and those of Khriplovich and Pauko@, 6 , in the absence of complete analytical results on their sample, we arbitrarily assumed 10 moles per cent strontium monoxide to be present in their sample. Adjustment of their heat capacity for the presence of strontium monoxide was made using the data of Anderson(') over the temperature range 57 to 229 K, and at lower temperatures, by extrapolation of the curve of Debye, 8 against T. The adjustment greatly reduces the deviation from our smooth curve, as shown in figure 1 .
This, of course, does not prove the sample impure. Khriplovich and Paukov reported mass percentages of major metallic impurities: 0.01 Cr, 0.03 Fe, 0.5 V, 0.1 Mg. Elements not detected, but with rather high limits of detectability, were Si and Sb, with limits of 0.03 and 0.01, respectively. However, a portion of the material understood to be from the same stock as that used by the investigators at Novosibirsk was analyzed in this country and was found to contain (653) moles per cent of oxygen. (lo) Another portion of the same stock was shown in Moscow to contain approximately the same level of oxygen impurity. Cl I) These figures are many times higher than those claimed by the author@ 12) and suggest, at least, that a re-examination of the purity of that sample be made. In the meantime, we consider our heat capacities to be more reliable.
We have also compared our values of tc and /3 obtained in the plot of CJTagainst T2 with those obtained by Robertsc3) and by Khriplovich and Paukov.@) The values in the present study (CI = 1.99 x 10e4 Cal,, Ke4 mol-r and fl = 3.3 x 10v3 calth Km2 mol-') differ significantly from those of Roberts (CI = 1.46 x 10s4 Cal,, Kw4 mol-', /I = 8.6 x 10m4 Cal,, Ke2 mol-I); /3 is thus seen to be much closer to the free-electron model value and possibly indicates less overlap-than found earlier-of the first two Brillouin zones.(3) It is realized that temperatures of 5 to 10 K are rather high for precise determination of tl and b for a metal. However, Roberts's sample prepared by a commercial supplier contained 2 per cent of metallic impurities and ". . . most of the surface oxide was removed in the air . . .'r.(3) The plot of C,IT against T2 of the presumably oxide-rich sample of Khriplovich and Paukov") below 10 K is comparable to that of Roberts.
It is interesting to note that the plot of standard entropies of the alkaline earth metals (Mg, Ca, Sr, and Ba) against the logarithm of the molar mass is essentially linear, provided slight adjustments for crystal-structure differences are made by Gschneider's method. ('3) The high-temperature heat capacity of the identical sample is being explored at the Sandia Laboratories, Albuquerque, New Mexico, by Dr Howard Stephens. His results on a portion of the same sample of material(14' are consistent with the trend of our values at the upper limit of our temperature range.
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